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ABSTRACT 
 
 
Although the most common rattlesnake in the eastern United States, the timber 
rattlesnake (Crotalus horridus) is little studied and remains poorly understood.  
Furthermore, populations have been severely diminished throughout its range and only a 
few scattered metapopulations remain in what was once a large and extensive North 
American range.  Whereas some timber rattlesnake populations in woodland 
communities of the northeastern and western US have been studied, information on those 
occurring along the southern part of its range is virtually non-existent.  In South Carolina 
there has been relatively little research done on this rattlesnake and there has been no 
formal study on the timber rattlesnakes of the upstate.  Therefore, I radio tracked several 
timber rattlesnakes for three years (2006-2009) and built a portfolio of their basic 
ecology, movements, home ranges, habitat association, and thermal ecology in upstate 
South Carolina.  We captured and implanted 18 rattlesnakes with radio transmitters and 
monitored them throughout the course of the study.  The favored position of South 
Carolina timber rattlesnakes was a coiled posture.  Typically, timber rattlesnakes 
emerged from hibernation in late March/early April and returned to a hibernaculum in 
November/early December.  These timber rattlesnakes did not necessarily return to the 
same hibernaculum year after year, and the use of communal dens was not apparent.   On 
average, males traveled farther and had larger home ranges than both non-gravid females 
and gravid females.  Gravid females had larger movements and home ranges than non-
gravid females, as some made lengthy movements to give birth.  This was not observed 
for all gravid females, however.  Mating and birthing occurred in the late summer/early 
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fall and females tended to seek open areas with tree falls or rock outcrops.  Overall, 
timber rattlesnakes utilized a deciduous macro-habitat and typically selected a micro-
habitat that included having logs/fallen branches less than 1 m away.  Timber 
rattlesnakes’ average body temperature was slightly higher during 2007 than the other 
years, but this is most likely due to 2007 being a surgery year and consequently not a full 
tracking year.   
Translocation—the movement of snake from one location to another—was 
employed in this study to relocate problem animals from public areas.  The release area 
was between 949 m and 2670 m away from the original capture sites and across a road 
and lake.  Four timber rattlesnakes were translocated and none of them returned to the 
original site of capture.  One death and one transmitter failure were observed, but the 
other two appeared to adapt to the new habitat and have overwintered successfully for 3 
and 2 winters respectively.  Preliminary success with this technique is encouraging for 
future management plans but more research is clearly needed.   
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Chapter 1 
LITERATURE REVIEW 
 
Distribution 
 The timber rattlesnake (Crotalus horridus) is the most common rattlesnake in the 
midwestern and eastern United States.  The geographic range of the timber rattlesnake 
includes 30 states: New Hampshire to Minnesota in the north, southeastern Nebraska 
continuing south through central Oklahoma and southeastern Texas, across the south to 
northern Florida, and along the eastern coastal plain (Brown 1993; Conant and Collins 
1998) (Figure 1).  In the southern part of its range the timber rattlesnake is sometimes 
referred to as the canebrake rattlesnake.  Some authorities believe there may be two 
subspecies (northern and southern) or three subspecies (northern, southern, and western) 
of the timber rattlesnake (Gloyd 1935; Brown and Ernst 1986; Martin 1992a).  Most 
recently, however, research using mitochondrial DNA has suggested that separation of 
the timber rattlesnake into different subspecies is not valid due to the complex and 
extensive variation throughout its range (Clark et al. 2003; Allsteadt et al. 2006). 
 
Morphology 
The ground color of the snake is typically yellow, tan, gray, or brown, while the 
dorsum displays black, angled bars.  Northern populations tend to be darker and some 
populations in Pennsylvania and New York contain mostly black individuals.  In the 
South and West, the snake exhibits a more gray color, and southern populations usually 
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exhibit a rust colored stripe down the back.  In most populations, the tail is dark or even 
solid black.  Timber rattlesnakes are sexually dimorphic, with the male achieving greater 
length than the female (Gibbons 1972; Brown 1993).  Although this type of rattlesnake 
rarely exceeds 152 cm in total length, Conant and Collins (1998) reported a maximum 
length of 189.2 cm.  In a large sample of both sexes from New York, Brown (1993) 
reported that males averaged 111 cm in length and 900 g in weight, whereas females 
averaged 97 cm and 600 g.  In another study, Brown et al. (1982) found females averaged 
589.5 g, and the only male and only gravid female in the study weighed 671 g and 929 g, 
respectively.  In Indiana, Walker (2000) found timber rattlesnake males averaged 1340 g 
and had a 138 cm snout-vent length (SVL) and females averaged 826 g and had a 107 cm 
SVL.  Gibson (2003) reported similar results in his Indiana study with males averaging 
1493.5 g and 114.8 cm SVL and females averaging 869.3 g and 102.2 cm SVL.   A study 
in North Carolina reported males average SVL as 106.0 cm and females SVL as 94.5 cm 
(Sealy 2002). 
 
Reproduction 
 Reproduction in female timber rattlesnakes begins when they are four years old in 
the South and Midwest (Gibbons 1972; Fitch 1985a), whereas in the northern part of the 
range females may take seven to eight years to become sexually mature (Brown 1991; 
Martin 1993; Sealy 2002).  Breeding is commonly biennial, and in some instances 
triennial (Gibbons 1972; Fitch 1985a; Brown 1987, 1991; Martin 1993).  Most 
copulations occur from July to mid-September, with the sperm stored until June of the 
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following year (Brown 1987, 1993, 1995; Martin 1993).  Birth occurs in late August to 
early October, and females usually stay with their young for seven to ten days (Martin 
1996; Sealy 2002; Cobb et al. 2005).  At birth, neonate timber rattlesnakes resemble the 
adults in pattern, but are grayer in hue.  They have a total length of 27.1-35.0 cm and 
weigh 22-25 g (Ernst 1992) but size of neonates varies geographically with a mean of 
21.6 cm in Kansas, 23.6 cm in New York and 32.0 cm in South Carolina (Fitch 1985b).  
Longevity for this species in captivity has been recorded at approximately 36 years 
(Cavanaugh 1994) and in the wild it has been reported at 33 years (Brown et al. 2007). 
  
Movement 
During late fall, winter, and early spring, timber rattlesnakes take refuge in 
hibernacula.  When the weather warms in the spring, they disperse into the surrounding 
habitat and are reported to use the same migration routes away from the hibernaculum to 
their summer localities year after year.  Likewise, when the weather cools in the fall, they 
return to the hibernaculum using similar migration routes every year to hibernate in the 
same location from which they emerged in the spring.  In some populations, however, 
timber rattlesnakes have been found to change den sites if new communal locations exist 
within their migratory ranges (Brown 1992; Martin 1992b).   
The spring and fall migration routes are not usually the same routes and most 
rattlesnakes have been observed moving in a circular pattern from the den to their 
summer locality and back to the den again (Brown et al. 1982; Reinert and Zappalorti 
1988; Mohr 2003).  Brown et al. (1982) and Reinert and Zappalorti (1988) found that 
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males exhibited larger movements away from the den than females.  According to Brown 
(1982), males on average moved 1400 m away from the den, whereas females moved 
only 280 m from the den.  Likewise, Reinert and Zappalorti (1988) reported that males 
had an average range from the den of 2376 m and non-gravid females had a range of 
1140 m from the den.  Although no significant differences were found between sexes, 
Mohr (2003) found males on average moved away from the den a maximum distance of 
1271 m and females 1525 m.   
Reinert and Zappalorti (1988) reported total average distance traveled—the total 
distance all the rattlesnakes moved throughout the year averaged by the number of 
animals— in New Jersey for males was 6335 m, for non-gravid females was 2779 m, and 
for gravid females was 1783 m.  Mohr (2003) found in Oklahoma that males had an 
average total distance moved of 2599 m and females moved 3677 m but this difference 
between the sexes was largely attributed to a low male sample size.  In a Pennsylvania 
study, Reinert and Rupert (1999) found that males moved a total distance of 5575 m, 
non-gravid females moved 3611 m, and gravid females moved 1574 m.  A study in West 
Virginia found males on average moved 4727.3 m, non-gravid females moved 2265.6 m 
and gravid females moved 1565.9 m (Adams 2005).  And Gibson (2003) found that in 
Indiana males moved on average 8236 m, non-gravid females moved 2744 m, and gravid 
females moved 2795 m.   
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Home Range 
 Home range as been defined as the area an individual utilizes for performing 
normal activities such as food gathering, mating and caring for its offspring (Burt 1943; 
Barbour et al. 1969).  Most timber rattlesnake studies define home range by utilizing 
minimum convex polygons (MCP), which are simply the smallest convex polygons that 
encompass all known location for an animal (Mohr 1947; Hayne 1949; Jennrich and 
Turner 1969).  More recent studies have employed 95% isopleths fixed kernel analysis 
which places a probability distribution around locations with areas of higher use resulting 
in higher area estimates (Worton 1987, 1989; Seaman and Powell 1996; Row and Blouin-
Demers 2006). 
 In a New Jersey study, Reinert and Zappalorti (1988) calculated male timber 
rattlesnake MCP’s as 112.5 ha, non-gravid females as 23.1 ha, and gravid females as 17.1 
ha.  This same study reported 95% kernel isopleths as 207.4 ha for males, 41.6 ha for 
non-gravid females, and 22.2 ha for gravid females.  Reinert and Rupert (1999), however, 
found males in their study occupied a home range MCP of 59.9 ha, non-gravid females 
had a 41.9 ha MCP, and gravid females had a 5.0 MCP.  Kernel analyses with 95% 
isopleths produced areas of 104.8 ha for males, 49.9 ha for non-gravid females, and 9.7 
ha for gravid females.  Gibson (2003) reported MCP values of 171.2 ha for males, 30.4 
ha for non-gravid females, and 22.1 ha for gravid females.  Kernel analyses with 95 % 
isopleths were also calculated in the Indiana study and males utilized 190.6 ha, non-
gravid females used 52.1 ha and gravid females used 17.2 ha.  Another study in Indiana 
noted MCP’s for male timber rattlesnakes were 174.1 ha and non-gravid females were 
6 
 
71.8 ha (Walker 2000).  In West Virginia, Adams (2005) conducted MCP calculations 
and observed home range sizes of 94.3 ha for males, 31.2 ha for non-gravid females, and 
8.5 for gravid females.  A North Carolina Piedmont study indicated males had a MCP of 
3.3 ha and females had a MCP of 1.3 ha (Sealy 2002).  In coastal South Carolina, 
Waldron et al. (2006a) estimated kernel 95% isopleths and noted canebrake rattlesnake 
males had a home range of 54.5 ha, non-gravid females had a home range of 30.8 ha, and 
gravid females utilized 8.0 ha.    
 
Habitat Association 
Throughout most of its range, the timber rattlesnake is associated with hardwood 
forests and rocky outcrops.  In the northeastern United States, males and non-gravid 
females prefer forested habitat with greater than 50% canopy, thick surface vegetation, 
and some fallen trees, whereas gravid females utilized less densely forested areas of less 
than 25% canopy cover (Reinert and Zappalorti 1988).  Brown and Greenberg (1992) 
also noted this trend, and reported that snakes were located in coniferous or mixed 
deciduous forests with canopy cover averaging 67%.  Furthermore, they observed large 
amounts of fallen leaves, little surface vegetation, and few rocks and logs as 
characterizing snake locations.  In the central midwestern area of its range, the timber 
rattlesnake is often associated with high, dry ridges and oak-hickory forests interspersed 
with open areas (Minton 1972).  Henry Fitch’s (1958) research in Kansas indicates that 
deciduous forests along the hilltop rock outcrops were prime habitat for timber 
rattlesnakes.  In Nebraska, five radio-tracked snakes were found to pass through and 
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sometimes frequent row crop fields (Fogell et al. 2002).  In Oklahoma, according to the 
Oklahoma field guide and Oklahoma Outdoor Magazine, timber rattlesnakes commonly 
inhabit rocky hillsides and forests, as well as swamps and wetlands (Seivert and Seivert 
1993; Hilliard 2001).  However, Mohr (2003) found in a population of Oklahoman timber 
rattlesnakes that they used a grass-designated habitat significantly more (74% vs. 26%) 
than wooded areas even though both areas were represented in the area of study.  In the 
southern part of their range (where they are often referred to as canebrake rattlesnakes), 
hardwood bottoms, pine hardwoods, and fields are the preferred habitat types and choice 
of habitat varied depending on season (Waldron et al. 2006a). 
 Another characteristic of timber rattlesnake habitat is the close proximity of a 
hibernaculum or den.  This is an area that provides retreat for wintering and in the 
northern and western part of its range is most commonly a rocky outcrop (Brown et al. 
1982; Reinert and Zappalorti 1988; Mohr 2003).  In the northern and western part of its 
range, the timber rattlesnake is known to den with conspecifics as well as other species 
(Brown et al. 1982; Martin 1993; Mohr 2003).  Timber rattlesnakes are also known to 
den in small groups or individually in coastal areas of their range (Reinert and Zappalorti 
1988; Savitzky and Savitzky 1995 In Sealy 2002; Settle and Greene 1995 In Sealy 2002).  
In southern part of its range where the snake is often called a canebrake rattlesnake, solo 
hibernacula are utilized, many of which consist of a gopher tortoise or mammal burrow, a 
rotted tree stump, or small rocky area (Waldron et al. 2006b).  In most of its range and 
typically with rocky outcrop hibernaculum, year after year the timber rattlesnake is 
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known to return to the same hibernaculum in the fall from where it emerged the previous 
spring (Brown et al. 1982; Reinert and Zappalorti 1988; Mohr 2003).   
   
Predator and Prey 
 Unlike many diurnal snakes, the timber rattlesnake is characterized as a sit-and-
wait predator.  In the predominant ambush position, the snake assumes a coiled posture 
adjacent to a log and positions its head perpendicular to the long axis of the log, often 
with the chin or a portion of the body in contact with the lateral surface of the log 
(Reinert et al. 1984).  Brown and Greenberg (1992) reported in 86% of 126 sightings, the 
timber rattlesnakes were coiled on the surface, and rarely concealed under rocks or 
shrubs.  Mohr (2003) also observed this trend in coiling 88% of the time during 258 
visual encounters. 
Timber rattlesnakes feed primarily on small mammals, but they also ingest birds, 
frogs, insects, and even other reptiles (Brown 1987).  In a survey of literature as well as 
stomach contents of museum specimens, Clark (2002) found that 91% of ingested prey 
items were mammals.  Fitch et al. (2004) reported that all prey items represented small 
mammals.  An individual snake may eat only six to twenty times a year and total annual 
consumption may represent only 2.5 times its body weight (Brown 1987; Fitch 1958).   
Whether the killing of rattlesnakes is accidental or deliberate, including all 
possibilities from road kill to the direct killing or harvesting for the skin and pet trade, 
humans are probably the number one predator of this species (Diemer-Berish 1998).  In 
the natural environment, however, neonates and smaller adults probably fall prey to 
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larger mammalian predators, birds of prey, and some reptilian predators such as indigo 
and king snakes and even alligators.  In peer reviewed literature, very few mentions of 
predators exist with one of the most notable being Reinert and Rupert’s (1999) study 
where it was merely mentioned a “mammalian” predator was involved.  In fact, most 
reports of predators come from field guides and books.  (Zenuh 2003; Wis. DNR  2008)  
 
Thermal Ecology 
In northeastern New York, timber rattlesnakes hibernate from September through 
May.  During this time, Brown (1982) calculated the mean hibernation temperature of 
three timber rattlesnakes to be 10.9 °C.  Brown et al. (1982) also calculated non-
hibernating temperatures of timber rattlesnakes at the same locality during June through 
August.  They found that the mean body temperature (Tb) was 26.9 °C, the 
corresponding mean ambient temperature (Ta) was 24.9 °C, and the mean soil 
temperature (Ts) was 21.4 °C.  They also reported the minimum and maximum voluntary 
temperatures of the rattlesnakes to be 12.5 °C and 33.3 °C, respectively.  In the Ozarks of 
Arkansas, Wills and Beaupre (2000) found that the range of body temperatures (Tb) 
fluctuated from 20.8 °C to 26.7 °C in August and 16.8 °C to 24.0 °C in September.  In an 
Oklahoman study, Mohr (2003) found that the average body temperature was 24.43 oC  
which was actually below the observed average ambient and microhabitat temperatures 
of 26.05 oC and 25.52 oC, respectively.   
 
10 
 
Miscellaneous information 
 Timber rattlesnakes have been involved in a few studies involving translocation—
the method of taking an animal from one area to another and releasing it in the new 
habitat.  Reinert and Rupert (1999) found that translocation had negative effects on the 
moved snakes and was not a successful restoration method.  In Oklahoma, Mohr (2003) 
performed a study on transplantation—translocating snakes to a new area and letting 
them hibernate in a known den—and found that this was also not an acceptable relocation 
strategy.  In another study at a North Carolina State Park, short distance movements (less 
than 300m) appeared to be successful with no mortality and little reoccurrence of the 
timber rattlesnake going back to the original area (Sealy 1997).  
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Chapter 2 
INTRODUCTION 
 
 The timber rattlesnake (Crotalus horridus) is a large, heavy-bodied pit viper 
found in the eastern third of the United States (Figure 1).  In the southern part of its 
range, the timber rattlesnake is sometimes referred to as the canebrake rattlesnake.  Some 
authorities believe there may be two subspecies (northern and southern) or three 
subspecies (northern, southern, western) of the timber rattlesnake (Gloyd 1935; Martin 
1992a).  Most recently, however, research using mitochondrial DNA has suggested that 
separation of the timber rattlesnake into different subspecies is not valid due to the 
complex and extensive variation throughout its range (Clark et al. 2003; Allsteadt et al. 
2006).   
Due to its inclination to breed only after a long growth period—up to seven years 
for females of some populations—it has a large rebound disadvantage in the face of 
collection for trade or rattlesnake round-ups, habitat loss, and deliberate hunting/killing.  
As a result, the timber rattlesnake is a species of special concern across the extent of its 
North American range.  In fact, it has been extirpated from Canada, Maine, and Rhode 
Island (Breisch 1992 ; Brown 1993), and 20 of 30 states in which it still occurs list it as 
vulnerable, imperiled or critically imperiled (Brown 1993).  A proposal submitted to the 
Convention on International Trade in Endangered Species of Wild Fauna and Flora by 
the U.S. Fish and Wildlife Service (2000) state-listed the timber rattlesnake as threatened 
in 4 states (Illinois, New York, Minnesota, Texas) and endangered in 7 (Connecticut, 
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Indiana, Massachusetts, New Hampshire, New Jersey, Ohio, Vermont).  Furthermore, 
throughout the range, populations have been severely diminished, and in fact, only a few 
scattered metapopulations remain in what was once a large and extensive North 
American range (Figure 2).  Although the species has been moderately studied in the 
northern part of its range (Brown 1982, 1991, 1995; Brown et al. 1982; Reinert 1984a, 
1984b, Reinert and Zappalorti 1988, Reinert and Rupert 1999; Aldridge and Brown 1995; 
Bushar et al. 1998) relatively few studies have focused on natural populations in the 
southern part of their range (Gibbons 1972; Sealy 1997; Waldron et al. 2006a, 2006b).   
In South Carolina, the timber rattlesnake (both the mountain and coastal plain 
forms) is listed as a species of concern by the South Carolina Heritage Program (SCDNR 
2005).  With the exception of the study by Sealy (1997), the other studies in the southern 
part of the rattlesnake’s range have focused on the southern morph and very little is 
known about the rest of the state.  According to the SCDNR (2005), the rattlesnakes were 
once widespread throughout the state but now they are most common in the Coastal Plain 
and Blue Ridge Provinces and tend to be uncommon or absent in much of the intervening 
Piedmont.  Platt et al. (1999) also recognized that the timber rattlesnake is rare in the 
Upstate and this trend stretches back at least the last 80 years (Corrington 1929).  
Historical records, however, indicate timber rattlesnakes were common in the Piedmont 
of South Carolina (Logan 1859).  Consequently, further study of South Carolina 
populations—especially those in the Upstate—will not only enhance knowledge of the 
species overall, but will also provide information on population status, the data key to 
conservation planning. 
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Chapter 3 
MATERIALS AND METHODS 
 
Study Area 
 This study was conducted in Table Rock State Park (TRSP) located in Pickens 
County, South Carolina (Figure 3).  The current property consists of approximately 1,247 
hectares of upland hardwood deciduous forest and was home to over 20 km of managed 
trails (Figures 4).  In 1935, 1,157.40 ha were donated to the park by Pickens County and 
the City of Greenville, South Carolina.  In 1975 to 1976, 84.18 ha were purchased from 
various owners and in 1991, 6.07 additional ha were donated by Elizabeth Ellison (South 
Carolina Department of Parks, Recreation & Tourism 2010).  With the creation of the 
park in the 1930’s, logging and other uses of the land were curtailed.  Except for the 
trails, roads, and campground/public use areas, the area has been left in an unmanaged 
state of deciduous forest regeneration.    
The habitat was homogenous oak-hickory deciduous forest with greater than 85% 
canopy closure except for a few localized small rock outcrops and the major exposed bald 
rock outcrops (Figure 5).  The major components of the oak-hickory forest were white 
oak (Quercus alba), chestnut oak (Q. prinus), red oak (Q. rubra) black oak (Q. velutina), 
mockernut hickory (Carya tomentosa), pignut hickory (C. glabra) with some tulip poplar 
(Liriodendron tulipifera) and red maple (Acer rubrum) in areas of recent disturbance (tree 
falls, etc.), steep slopes, or higher elevations.  Although mostly a hardwood forest, some 
evergreens were present with Virginia pine (Pinus virginiana) and shortleaf pine (P. 
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echinata) being the most dominant.  In some riparian areas, mountain laurel (Kalmia 
latifolia) and rhododendron (Rhododendron carolinianum) formed the understory shrub 
layer.  Much of the study site received speckled sunlight with occasional large tree falls 
and rocky outcrops providing areas of more sunlight.  Sub-canopy was sparse throughout 
the study area except for areas of tree falls or extreme changes in elevation or along 
riparian areas.  Logs and downed trees were available throughout the habitat and leaf 
litter was uniform throughout much of the habitat due to no burning in the area for many 
years.   
Rattlesnakes were captured mainly in the Table Rock State Park core area as 
indicated in Figure 4, however, three were captured on Pinnacle Mountain and one near 
Cabin 15 & 16.  Due to the infrequent locations and mortalities of two of the four 
rattlesnakes, these rattlesnakes were only used in analysis of morphological 
characteristics, reproductive state, and causes of death.  
 
Collection and Snake Handling 
Adult rattlesnakes were captured throughout the park using tongs and/or a snake 
hook.  Snakes were placed in a cloth sack and then into a ventilated container for 
transport from the field to a field lab located away from public access.  At the field 
laboratory and with the use of a squeezebox and cartometer technique (Quinn and Jones 
1974), several measurements were taken such as snout-vent length (SVL in cm), head 
width and length (mm), tail length (cm), and rattle number and dimensions (mm).   Sex 
was determined by cloacal probing (Schaefer 1934) and reproductive condition 
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(gravid/non-gravid) was determined by gently palpating the snake’s abdomen to locate 
the presence of follicles or by observation of distended lower body and behavioral 
patterns (Fitch 1987; Martin 1993).   Body mass (g) was also taken for each specimen.  
All individuals studied were marked by intraperitoneal injection of an AVID brand 
(Norco, CA) passive integrated transponder (PIT) tag.   
 
Radio Telemetry 
Radio telemetry was used to determine home range size and habitat use from 
2006 to 2009.  During this period, 22 adult timber rattlesnakes (male 10, female 12) were 
fitted with temperature-sensitive radio transmitters (SI-2T and AI-2T transmitter for 
snakes, Holohil Systems, Ltd., Ontario, Canada).  Subjects were anesthetized with 
Halothane (Ayerst Labs, Inc., New York, NY 10017) and the transmitters were placed in 
the peritoneal cavity in the posterior third of the animal.  The antenna was placed 
subcutaneously towards the head of the animal and all incisions were sutured and covered 
with liquid bandage (New Skin Co., Cody, WY 82414).  The implantation technique used 
to implant the rattlesnakes closely followed that described by Reinert and Cundall (1982) 
and Reinert (1992).  Transmitter weights never exceeded 5% of adult body mass.  All 
surgical procedures were performed at the field laboratory of Table Rock State Park and 
followed the approved protocols of the Clemson University Animal Care and Use 
Committee (06-ARC-067 and AUP 2008-051).  Post surgery release of animals occurred 
when the snake showed signs of alertness including rattling the tail and tongue flicking.  
Snakes were then transported back to the site of capture and released.  Rattlesnake 
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locations were fixed using a Telonics TR-2 and TR-4 receivers and hand-held “H” 
antennas (Mesa, AZ).  Visual verification of the rattlesnake was attempted every time.  
During the active season, each rattlesnake was located a minimum of twice weekly on 
nonconsecutive days to prevent possible avoidance behavior.  (A few snakes not included 
in the overall analysis were located on a different mountain than the core group and were 
relocated when possible).  Rattlesnake locations were recorded in universal transverse 
mercator UTM coordinates using a handheld Global Positioning System (GPS) 
instrument (Garmin Inc., Olathe, KS) with accuracies less than ±4m.   
 
Movement and Home Range 
 Movements and home ranges were calculated for snakes that were part of the 
study more than one year and/or had greater than 25 movements.  Using ArcGIS (version 
9.3, Environmental Systems Research Institute, Redlands, CA) rattlesnake UTM 
locations were plotted on digital aerial photographs of the study site (NAD83 State Plane 
SC coordinates flown Jan/Feb, 2008) (Figure 6).   
Total distance moved was determined by summing the straight line distance 
between consecutive locations from initial capture (or emergence from hibernacula) until 
the rattlesnake returned to a winter refuge at the end of the season.  Although this method 
may underestimate true total distance moved by not accounting for deviation from 
straight line movement paths (Secor 1994); it does provide a standardized measure for 
comparing movements between individuals and multi-year observations.  
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Home range estimates were generated using Hawth’s Analysis Tools for Arc GIS 
(version 3.27, http://www.spatialecology.com/htools).  Home range has been defined as 
the area an individual utilizes during normal activities such as food gathering, mating and 
caring for its offspring (Burt 1943; Barbour et al. 1969).  Minimum convex polygon 
home ranges are simply the smallest convex polygons that encompass all known location 
for an animal (Mohr 1947; Hayne 1949; Jennrich and Turner 1969).  Although MCP’s 
are associated with many positional problems (White and Garrott 1990; Powell 2000; 
Fitch et al. 2004), these were included in this study due to the ease of measurement and 
the facilitation of comparisons to previous studies (Gregory et al. 1987; Reinert 1992; 
Durner and Gates 1993).  Additionally, 95% isopleths fixed kernel analysis was 
employed to calculate a nonparametric estimation of home range size (Worton 1987, 
1989; Seaman and Powell 1996).  Kernels provide a more biologically relevant home 
range by placing a probability distribution around locations which therefore puts more 
emphasis on areas with higher use.  However, kernels can change greatly depending on 
what smoothing factor (h) is used (Seaman and Powell 1996).  Row and Blouin-Demers 
(2006) suggest a smoothing factor for the kernels be determined by adjusting the factor 
until the area of the 95% kernel is close to that of the MCP so subsequently, this model 
was employed. 
   
Habitat Delineation 
 Macro-habitat was delineated by using NCRS/USDA Land Use/Land Cover Maps 
(2001 http://datagateway.nrcs.usda.gov/) and ArcGIS.  Micro-habitat was determined in 
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the field when the rattlesnakes were visually observed.  Six micro-habitat categories were 
employed: less than 1m from: 1) log/fallen branch, 2) rock, 3) live tree, or in/under: 4) 
vines/forbs/shrubs, 5) leaf litter, or 6) in the open.  If the observation satisfied more than 
one category, the closest micro-habitat variable was utilized.   
  
Thermal Data 
Air temperature (Ta °C) and snake temperature (Ts °C) were taken when a snake 
was encountered in the field.  Body temperature was also taken in the field in the form of 
signals received from the temperature-sensitive transmitters.  These signals were then 
calibrated to degrees Celsius (Tb °C).  If the snake was not visually verified, 
environmental variables were recorded when possible.   
 
Statistics 
 All statistical analyses were performed using JMP (Version 8.0, SAS Institute, 
Inc., Cary, NC).  Analysis of variance (ANOVA) was used to compare the means of 
quantitative continuous variables such as home range size (MCP and 95% kernel), 
movements (total distance, average distance), and temperature (body temperature, air 
temperature) among the different study categories of sex and year.  Logistic regression 
was used to compare percentages of variables such as posture, visual location, and habitat 
among the study categories of sex and year.  Due to the fact that male, non-gravid female, 
and gravid female rattlesnakes can differ in home range size (Brown 1982; Reinert and 
Zappalorti 1988, Timmerman 1995, Marshall et al. 2006; Durbian et al. 2008), there were 
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three “sexes” defined (male, non-gravid female and gravid female).  In comparisons of 
years, only males and non-gravid females were utilized due to observed differences 
related to gravid females as well as the fact different females were gravid different years.    
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Chapter 4 
RESULTS 
 
 
Morphology  
 Morphological measurements of the 18 snakes fitted with transmitters between 
2006-2008 (8 males, 7 females, 3 gravid females) appear in Table 1.  Mean snout-vent 
length (SVL) was 86.63 cm (range 76-103) for males, 82.00 cm (range 71-97) for 
females and 88.00 cm (range 83-95) for gravid females; means among the sexes were not 
significantly different (ANOVA F = .6331, df = 2, 17, p = 0.55).  Of the other three 
length measurements, only tail length showed a significant mean difference among sexes.  
Males had longer tails than females (ANOVA F = 12.84, df = 2, 17, p < 0.0006).  Mean 
body mass of males was 828.00 g (range 480-1520), females was 647.86 g (range 375-
1015), and gravid females mean body mass was 810.00 g (range 535-1080) and there 
were not significant differences among sexes (ANOVA F = 0.59, df = 2, 17, p = 0.57).  
 
Capture and Survival 
In 2006, three rattlesnakes were captured in the core study area and implanted 
with transmitters.  All three implanted rattlesnakes located a winter hibernaculum and 
two emerged in the spring and one transmitter was located in June.  That transmitter had 
chew marks on it indicating a possible predation event and although the snake was not 
visually observed in 2007, there was a 105m movement to a new underground crevice in 
April that was assumed to be the snake as it was highly unlikely a predator carried the 
transmitter that distance.  Furthermore, no remnants of snake or predator fecal material 
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were observed at the new position.  The transmitter was not immediately evident and was 
not located until June.  This indicates the rattlesnake most likely perished underground 
and that the transmitter was brought to the surface by some unknown animal.   
In 2007, twelve new rattlesnakes were captured and implanted with radio 
transmitters.  (A thirteenth was also captured but it was determined to be too late in the 
season to implant a transmitter and release.  Therefore, TRSP personnel took control of 
the animal and over-wintered it in an unused, locked classroom building where other 
snakes from the nature center were located.  In early 2008, a surgery was performed and 
this snake was released where it was captured.)  Three were located on Pinnacle 
Mountain, one near Cabins 15 & 16, and the remaining eight were captured in the “core” 
study area.  In October 2007, one female from Pinnacle Mountain was killed by humans.  
Humans were determined as the cause of death because remnants of a campfire and a 
chopped log were located less than 3 m from the usual sunning spot of the rattlesnake.  
Furthermore, the rattlesnake was found with no head or rattle but the body was intact.  
The remaining eleven, as well as the original two from 2006, located winter hibernacula.   
In spring of 2008, nine of the thirteen overwintered animals emerged from 
hibernation.  One from Pinnacle Mountain and two from the core area perished in the late 
fall or early spring.   One other rattlesnake had transmitter failure during the winter of 
2007 and was consequently lost.  During the 2008 field season, two more timber 
rattlesnakes were added to the study and both were caught in the core study area.  (The 
aforementioned capture from late 2007 was also released in 2008).  One rattlesnake 
perished in 2008 and cause of death was unknown.  All remaining rattlesnakes (n = 11) 
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found a hibernaculum in the winter and re-emerged in 2009.  In April 2009, the battery 
on one transmitter died and that snake was presumed lost until it was recollected in late 
2009 when it was captured while courting a different transmittered female.  It should be 
noted the female was located initially in 2007 by courting of the same male. 
 
Sampling Days 
 Radio telemetry during 2006-2009 yielded 844 encounters involving rattlesnakes 
with multiple year movements (n = 8) and unless otherwise stated, these rattlesnakes 
were the only ones included in the analysis of all data.  Furthermore, to analyze 
differences in sex, each year was used as an independent observation so years where 
female snakes were gravid and were not gravid could be analyzed separately.  This 
resulted in 21 “one year” observations (male = 7; non-gravid female = 8; gravid female = 
6).  When analyzing differences between years, only males and non-gravid females were 
utilized [2007 = 5 (3m, 2f); 2008 = 4 (2m, 2f); 2009 = 6 (2m, 4f)].  For each encounter, 
location was recorded and, when possible, each animal was visually verified.  When the 
snake was not visually verified (overwintering, underground, etc.) or when it was handled 
(measured, released, etc.) those data were collected but not used in the analysis for 
behavior or temperature, resulting in 592 encounters for these analyses.   
   
Body Posture 
 Of the 592 times timber rattlesnakes were encountered and visually verified, 81% 
of the time the animals were found in the coiled position and 19% of the time the animals 
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were found in other positions (extended, hunting/ambush posture, mating, moving, etc.).  
The mean number of rattlesnakes in the coiled posture was significantly greater than any 
other posture (ANOVA F = 55.04, df = 1, 45, p < 0.0001).  There were no significant 
differences in posture between sexes or among years (Table 2).   
The hunting/ambush posture occurred 42 times throughout the duration of this 
study.  This posture was defined by Reinert et al. (1984) as a coiled posture adjacent to a 
log with the head positioned perpendicular to the log’s axis and often the chin or a 
portion of the body contacting the lateral surface of the log.  In this study, every 
observance of this posture occurred with a log or fallen branch except in one instance 
where the rattlesnake was positioned in the hunting posture with its body against a live 
tree and its head and part of the body facing up the trunk. 
 
Reproduction 
 Mating was observed only once in the study and occurred on September 21, 2007.  
The snakes were already mating when I discovered them at 16:04 and remained locked 
until 17:05 and only after yellow jackets disturbed them enough to cause them to stop 
copulating.  The female was a previously captured snake and the male was a new capture.  
Four examples of courtship involving 2 different males were observed during the study (n 
=3; n=1).  For the purposes of this study, courtship was defined as a male and female less 
than 1m from each other and not associated with a crevice or hibernaculum.  In every 
instance of courtship, it was a transmittered male that located a new female.   For male 
5997, courtship observations occurred on August 2nd 2007 (female 4232), August 13th, 
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2007 (female 5364) and again with female 5364 on August 13th, 2009.  The encounters 
with the same female two years apart occurred 172 meters, straight line distance, away 
from each other (Figure 7).  The last instance of courtship was by a male courting a 
female on August 13th, 2007, and this occurred only 6 days post surgery on the male.  
Aside from these encounters, opposite sex timber rattlesnakes were not found less than 
1m from each other during the rest of the study.  Furthermore, the next closest 
observation of snakes on the same day was greater than 20m away. 
During the study, five snakes were known to be gravid by palpating the abdomen.  
(It should be noted that two of these were not utilized in other analyses beyond the 
mention of their reproductive condition due to early mortalities, with one occurring 
before birth and the other soon after birth.)  In addition to the five known gravid 
rattlesnakes, two other snakes were thought to have been gravid during the course of the 
study based on behavior and observance of mating/courting.  Additionally, one of the 
known gravid rattlesnakes was thought to have been gravid again two years later.  For the 
known gravid rattlesnakes, parturition occurred on or around the first week of September 
(n =3 for 2007; n = 1 for 2008).  For two of these cases, young were found (n = 5, n = 1) 
in the area of the mother.  For the other two cases, only shed skins of young were located 
for one and no young were observed for the other.  For the other three cases where the 
snakes were thought to be gravid but not confirmed by palpating, they appeared to have 
lost a large amount of weight and therefore are presumed to have given birth on/around 
August 15th, 2007, July 19th, 2008, and July 28th, 2009.      
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Hibernation and Hibernacula 
 Hibernation usually began in November/early December with spring emergence 
occurring in late March/early April.  Except for one case, throughout this study all 
rattlesnakes hibernated by themselves.  A list of the types of hibernacula they chose and 
their site fidelity to these sites is shown in Table 3.  On November 19th, 2007, a new 
snake was located in a crevice 2 m away from a crevice that a transmittered female 
(4107) was utilizing.  The new female was captured and overwintered in a classroom 
building by Table Rock State Park staff.  It was presumed that female would have over 
wintered in that or one of the very nearby crevices due to the late time of year.  This was 
the only instance of possible hibernaculum sharing.  In 2008, 4107 utilized the same 
crevice but the new snake (5237) did not come back and hibernated 155m away.  In 2009, 
however, 5237 hibernated only 35m away from the crevice where it was caught in late 
fall 2007. 
 
Movements 
 In successive years several timber rattlesnakes utilized the same individual-
specific areas (Figures 7 and 8).  Some gravid females took a different path and occupied 
a slightly different area when they gave birth (Figure 9).  This trend, however, was not 
seen with all gravid females (Figure 8), and overall movements during gravid years and 
non-gravid years were not significantly different.  Furthermore, total distance moved by 
the rattlesnakes from egress in the spring to ingress in the fall was not significantly 
related to sex nor were there significant differences between years.  For the duration of 
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the study, males on average moved a distance of 3047 m, non-gravid females moved 
1688 m, and gravid females moved 2248 m (Table 4).  Average distance moved per 
movement, however, was greater for males than non-gravid or gravid females (ANOVA 
F = 10.73, df = 2, p < 0.0007).   
One note of interest is that during the entire study only one timber rattlesnake is 
known to have returned to its site of capture.  This individual, female 4107, was captured 
in early May 2007 at the edge of a crevice while sunning.  After surgery release, she 
spent a week in the crevice and then moved away but later came back in June and 
August.  After that, however, she never returned to the crevice where she was initially 
captured. 
 
Home Range 
 Figures 10 and 11 illustrate the analyses of home range by minimum convex 
polygons (MCP) and kernel 95% isopleths for all core timber rattlesnakes in the study.  
Utilizing these two methods, the analyses of the timber rattlesnake locations indicated 
there were no differences in home range size either by sex or by year.  That being said, 
however, when analyzed by sex, males had a larger average home range area in both 
types of analyses and the resulting p-value was close to indicating a significant difference 
(Kernel: ANOVA F = 2.90, df = 2, p < 0.08; MCP: ANOVA F = 2.86, df = 2, p < 0.08).  
As seen in Table 5, males had an average MCP of 18.88 ha and 95% kernel area of 19.18 
ha, non-gravid females average MCP was 5.57 ha and 95% kernel was 5.48 ha, and 
gravid females had an average MCP of 8.22 ha and a 95% kernel area of 8.09 ha. 
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 Similar to the movement analyses, in successive years several timber rattlesnakes 
utilized the same areas and this was apparent in both MCP analyses (Figures 12 and 13) 
and 95% isopleths kernel analyses (Figure 14 and 15).  As was noted with the 
movements, some gravid females occupied a slightly different area when they gave birth, 
and both analyses characterized this fact (Figure 16 and 17).  Again, however, this trend 
was not observed with all gravid females (Figure 13 and 15) and, overall, home range 
areas during gravid years and non-gravid years were not significantly different.   
 
Habitat Association  
 Macro-habitat was determined by using NCRS/USDA Land Use/Land Cover 
Maps and ArcGIS.  As seen in Figures 5 and 18, the habitat of the study area was mainly 
uniform deciduous forest and the corresponding snake locations indicated they utilized 
deciduous forest significantly more than the other habitat types (χ2 = 6.7e-12, df = 928, p < 
0.0001).  There was no difference in macro-habitat use by individual snakes or when 
blocked by sex or year.   
Micro-habitat was determined by observational means when the snakes were 
visually located.  Timber rattlesnakes were associated significantly more with fallen 
logs/branches than any other micro-habitat type (ANOVA F = 22.17, df = 5, 138, p < 
0.0001).  There were no significant differences between sexes or years.  One snake, 
however, utilized a variety of micro-habitats.  However, its preference for being less than 
1m from logs or branches was barely but significantly greater than other micro-habitat 
types (Figure 19).   
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Prey and Predator 
 Only one instance of prey capture was recorded in the duration of this study.  At 
12:39 on August 27, 2008 a male rattlesnake (4084) was observed crawling slowly 
around a pine fall and flicking its tongue often.  Upon closer inspection, a dead eastern 
chipmunk (Tamias striatus) was located less than 1m from the rattlesnake.  The 
rattlesnake continued to crawl towards the chipmunk and proceeded to eat it.  The entire 
process took less than 12 minutes. 
 Six timber rattlesnakes perished during the scope of this study.  Three were 
preyed upon by unknown predators during late fall/early spring.  One perished in late 
summer for unknown reasons that may be related to surgery.  Two mortalities were 
determined to be human related.  One of these was the intentional killing by people who 
were illegally back-country camping, and the other died as a result of wounds sustained 
by hikers throwing rocks and sticks at the rattlesnake. 
 
Thermal Ecology 
 All body temperature readings analyzed were non-hibernating readings when the 
snake was visually observed (n = 592, Table 6). Body temperature was highly correlated 
with ambient temperature and there was no significant difference between individuals or 
sexes.  However, there was a significant difference in body temperature when blocked by 
years with the snake body temperatures in 2007 significantly higher than the other years 
(ANOVA F = 4.47, df = 2, p < 0.03).  The average body temperature was (Mean ± SE) 
23.58 oC for males, 22.87 oC for non-gravid females, and 24.18 oC for gravid females.  
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Gravid females tended to have a shift of higher temperatures during the years they were 
gravid, but this difference was not significant and was not present in all gravid females.   
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Chapter 5 
DISCUSSION 
  
Morphology 
Timber rattlesnake populations have been found to exhibit sexual dimorphism, 
with males being larger than females (Gibbons 1972; Brown 1993).  Although the two 
largest rattlesnakes in this study were males, the difference between sexes in my study 
was not significant.  I did find, however, that average length and mass generally agreed 
with reported values from populations studied in the U.S. (Brown 1993; Walker 2000; 
Gibson 2003).   
 
Mortality 
During the course of the study, six timber rattlesnakes were lost.  Even though it 
was conducted in a South Carolina State Park, two of the mortalities were human related.  
In October 2007, one female from Pinnacle Mountain was killed by people illegally 
camping.  The snake had given birth sometime in late August and was continuing to sun 
post birth.  Remnants of a campfire and a chopped log were located less than 5m from its 
usual sunning spot.  The snake was also found with no head or tail but the body was 
intact.  It is highly doubtful a normal predator would leave the midsection of the snake 
and target the head and tail only.  The other human related mortality was a rattlesnake 
that had received a puncture wound from hikers throwing rocks and sticks.  This snake 
overwintered in 2006 but was not found in 2007, and it is presumed to have died early in 
the spring due to its injuries.  When recovered the transmitter had chew marks on it 
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indicating a possible predation, however, the snake was not visually observed in 2007.  
Instead, there was a 105m movement to a new underground crevice in April that was 
assumed to be the snake as it was highly unlikely a predator carried the transmitter.  
Furthermore, no remnants of snake or predator fecal material were observed at the new 
position and the transmitter was not immediately evident and was not located until June.  
It is also possible, however, the snake may have perished underground and the transmitter 
brought to the surface by some unknown animal.    
Of the other mortalities, one was caused by an unknown predator in the late 
fall/early spring when the snake was most likely sunning before or after hibernation and 
was unable to fend off an attack.   This surgery was performed on August 6th, 2007 along 
with two others and one of those was one of the aforementioned human killings.  The 
other was alive in 2009 so it is doubtful the surgery time was related to the cause of 
death.  That being said, however, two of the other mortalities were the two latest 
surgeries of the study.  Two individuals were implanted with radio transmitters October 
14th and October 22nd, 2007.  Transmitters of both of these rattlesnakes were found on the 
surface in early spring.  It is thought that these were taken by a predator while sunning 
during cold weather.  It is hypothesized if they perished underground the transmitters 
most likely would remain underground.  Furthermore, one of the rattlesnakes was 
hibernating in an old, rotted tree stump and the stump was still intact when bones, scales, 
rattle, and transmitter were found less than 2m away.  If a predator had dug into the 
stump to capture the rattlesnake it is highly likely such an effort would have damaged the 
stump.  Additionally, that particular snake had been seen sunning in late fall near the area 
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were its remains were located.  Although it has been recommended that surgeries not be 
performed late in the season (Rudolph et al. 1998), it was thought that due to a later 
hibernation observed in this study--December in some instances--that a surgery date of 
October would not be too late.  Previous surgeries in late September have resulted in 
snakes that are still active as of printing of this manuscript.   
 The last mortality observed in this study was of a male and it occurred in the late 
summer.  When the surgery was performed it was discovered this rattlesnake was in the 
middle of a shed cycle.  This snake acted normally in the fall of 2007 but emerged early 
in February of 2008 and had several irregular movements before it died.  Although this 
snake was observed in a hunting posture frequently, it did not seem to have success in 
capturing prey and eventually perished.   
 
Body Posture   
 As with most snakes, specific behavior such as body posture is discussed very 
little in the literature.  Perhaps the reason for this phenomenon is the general view that 
rattlesnakes are sit-and-wait predators.  Only a few publications mention body position 
and posture of rattlesnakes (Reinert et al. 1984; Reinert and Zappalorti 1988; Brown and 
Greenberg 1992; Timmerman 1995).  A study in the Pine Barrens of New Jersey reported 
timber rattlesnakes were “often observed coiled” (Reinert and Zappalorti 1988).  Brown 
and Greenberg (1992) also commented on the coiled posture and indicated that it was 
observed 86% of the time in their study.  Data from an Oklahoma timber rattlesnake 
study produced similar results with coiling seen 88% of the time (Mohr 2003).  South 
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Carolina is no exception and the coiled posture was utilized significantly more than other 
postures and seen 81% of the time.    
 In addition to being coiled, Reinert et al. (1984) found that timber rattlesnakes 
spent 47% in the “ambush position,” a coiled posture adjacent to a log with the head 
positioned perpendicular to the log’s axis and often the chin or a portion of the body 
contacting the lateral surface of the log.  Although timber rattlesnakes were observed 
with a portion of their body touching a log or branch (n= 42), this posture was not 
common in this study.  Reinert and Zappalorti (1988) described the “ambush position” to 
be uncommon as well.  The timber rattlesnakes in this study did, however, prefer to coil 
near a log or fallen branch and chose this micro-habitat significantly more than the 
others.  As a result, the preference for such close proximity to this component of the 
forest floor ecosystem could provide enough of an advantage in hunting that a direct 
ambush posture is not necessary.  
 
Reproduction 
 Most copulations of timber rattlesnakes occur in the summer/fall from July to 
mid-September, with the sperm stored until June of the following year (Brown 1987, 
1993, 1995; Martin 1993).  Only one instance of copulation was observed in this study 
and it occurred on September 21, 2007.  This observation occurred later than has been 
typically reported in the literature, but is most likely due to the fact that timber 
rattlesnakes have a longer active season in Upstate South Carolina than the northern 
populations where mating data have been reported.  Furthermore, four instances of 
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courtship were observed in this study and all of those took place in early-mid August, 
which is well in the range reported by the northern counterparts.   
In this study, five females were identified as gravid by palpating follicles and 
observing signs of subsequent births.  All births occurred in the first week of September 
which agrees with the literature where it has been reported that birthing occurs from early 
August to early October (Martin 1996; Sealy 2002).  Birthing areas consisted of 
logs/stumps in tree fall areas (n = 4) or rocky outcrops (n=2).  Reinert and Zappalorti 
(1988) also noticed this trend and reported many of their females gave birth in “frequent 
fallen logs”.  Martin (1996) and Cobb et al. (2005) observed that females usually stay 
with their young for seven to ten days post parturition, and this was observed with three 
of the females during this study.  Furthermore, one female moved over 5m away on day 
nine post parturition and one neonate followed.  Neonates or shed skins of neonates were 
found with three of the gravid females, no young were seen with the fourth gravid female 
post parturition even though she appeared to lose weight.  It is unknown whether her 
offspring were born alive.  The fifth gravid female died before birthing. 
Reproductive effort had been considered to be commonly biennial, and in some 
instances triennial (Gibbons 1972; Fitch 1985a; Brown 1987, 1991; Martin 1993).  Due 
to short nature of the study, no triennial observations were made.  However, one snake 
that was gravid in 2007 was believed to have given birth again in 2009, confirming at 
least a biennial reproductive system. 
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Hibernation and Hibernacula 
 In many areas of the northern United States, snakes migrate from a den in the 
spring and return to the same den in the fall (Macartney et al. 1988).  It has been noted 
with timber rattlesnakes that they often return to the same den from which they left in the 
spring (Brown et al. 1982; Reinert and Zappalorti 1988; Reinert and Rupert 1999; Walker 
2000; Gibson 2003; Mohr 2003; Adams 2005).  In this study, however, timber 
rattlesnakes only returned to the hibernaculum of their first year 64% of the time.  In 
other instances, they found new hibernacula in which they successfully overwintered and 
emerged the following spring.  This has been reported elsewhere (Brown 1992; Martin 
1992b), but these dens were communal sites and occurred along migratory routes of the 
timber rattlesnakes.  In this study, the different den sites were always solo hibernaculum 
and did not always occur along a migration route.   
It has also been reported that timber rattlesnakes tend to use communal dens 
where many individuals congregate (Brown et al. 1982; Reinert and Zappalorti 1988; 
Reinert and Rupert 1999; Walker 2000; Gibson 2003; Mohr 2003; Adams 2005).  Even 
355 km northeast in North Carolina along the same mountain ranges, timber rattlesnakes 
have been reported to den either singly or in small groups (Sealy 2002).  In Upstate South 
Carolina, however, this is not the case.  There was only one instance of a possible 
communal hibernaculum and the crevices that the two different rattlesnakes utilized were 
different.  Moreover, one of the snakes did return to the same crevice the following year 
but the other hibernated 155 m away.  In all other instances, the timber rattlesnakes 
appeared to hibernate by themselves.    
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 Reasons for the absence of communal hibernacula are not clear, but it may be 
partially related with the thermal gradient found in Upstate South Carolina.  With mild 
winters in the South, it is possible there may be a range of hibernation sites that are 
suitable for overwintering and where rattlesnakes can avoid the freezing conditions that 
would make survival difficult.  In the North, however, there might only be a few places 
that meet the required overwintering conditions to allow the rattlesnakes to survive.  As a 
result, these few places must accommodate all of the individuals in a population whereas 
in the South the rattlesnakes have more choices in selecting an overwintering site.  
Another possible factor could be the size and depth of a hibernaculum.  Waldron et al. 
(2006b) found that canebrake rattlesnakes in coastal South Carolina were non-communal 
hibernators and hypothesized it could be due to the depth and size of these smaller 
southern hibernation sites.    
 
Movements 
 Snakes change locations for a variety of reasons.  They will move to a specific 
habitat to forage (Duvall et al. 1990), to find different microhabitats for thermoregulation 
(Huey and Peterson 1989), or to wander through habitats searching for mates (Duvall and 
Schuett 1997).  In addition to utilizing the same den, it has also been noted that timber 
rattlesnakes utilize similar egress routes in the spring and ingress routes in the fall 
(Brown et al. 1982).  Although this pattern of similar egress and ingress routes was not 
clearly seen in this study, many of the timber rattlesnakes spent the summer in the same 
area each year (Figures 7-9).  This occupation of similar summer home ranges year after 
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year has been observed in other rattlesnakes as well (Landreth 1973; Reinert and 
Zappalorti 1988; Timmerman 1995).   
In general, it has been observed that male rattlesnakes move farther than females 
(Timmerman 1995; Reed and Douglas 2002) and timber rattlesnakes are no exception 
(Brown 1982; Reinert and Zappalorti 1988; Walker 2000; Gibson 2003).  For the 
duration of this study, males on average moved a distance of 3047 m, non-gravid females 
moved 1688 m, and gravid females moved 2248 m and the average distance per 
movement was significantly greater for males than non-gravid or gravid females 
(ANOVA F = 10.73, df = 2, p < 0.0007).  This observation of males having longer 
average movements clearly aligns with the literature on other populations of timber 
rattlesnakes.  However, most studies indicate longer total movements for all sexes of 
timber rattlesnakes than was observed in this study.  One possibility for this difference is 
the different habitat located in this study when compared to other studies (see below: 
home range for further discussion).  It should be noted Sealy (2002) found movements of 
timber rattlesnakes in North Carolina to be similar to those in this study but his sample 
size was small (n = 5) and his data may have had a surgery bias.  With the technology of 
the time, battery life on the transmitters was 10 months and therefore all observations 
were within 10-months of surgery.  Consequently, when reporting multiple season 
information such as movements, these measurements could be decreased due to 
stationary basking behavior related to multiple surgery healing (Rudolph et al. 1998).   
An additional note on movements is that gravid females had larger average 
movements than non-gravid females, which is in stark contrast to the literature.  Reinert 
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and Zappalorti (1988) specifically mentioned that gravid females exhibited shorter 
dispersal distances from the hibernacula.  In this study, the opposite observations were 
made.  One possible explanation for this difference was that for three of the gravid 
females, the year they gave birth was also the year they were implanted with a radio 
transmitter.  Perhaps this surgical procedure caused abnormal movements.  As seen in 
Figures 9 and 20, they had longer movements to different areas than their normal yearly 
paths.  This, however, does not hold true for all gravid females in the study that were 
implanted with a transmitter the same year they gave birth.  For example, female 4107 
(Figure 21) did not move very far to give birth in 2007 compared to her other 
movements.  However, in 2009 she moved the furthest she had in the study and this was 
presumably to give birth.  This trend was also evident with other females that exhibited 
these subsequent long movements in the year they gave birth (Figures 8 and 22).  
Moreover, these long movements also were not in the year of their surgery.  For the other 
females, however, the areas where they gave birth were new areas that, to the best of the 
tracking, were not visited again during the duration of this study.  Brown et al. (1982) 
reported gravid timber rattlesnakes utilizing “transient” areas where canopy was more 
open as well as containing more grass.  In this study this type of area appeared to exist 
throughout the habitat.   As mentioned previously, the gravid timber rattlesnakes usually 
gave birth in the vicinity of rock logs/stumps and this type of micro-habitat was 
represented throughout the study area.  In fact, female 4107 gave birth in 2009 in an area 
within which female 4232 was located in both 2007 and 2008 (Figure 23).  Oddly, female 
4232 did not choose this area for her birthing and instead moved further south to a 
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different area of vines and tree falls.   This observation of utilizing new birthing areas 
was not significant in this study even though the average movements were greater.  
Gibson (2003) also noticed this trend but it was not significant and they provided no 
explanation for the difference in movements of non-gravid females and gravid females. 
One last note is that only one timber rattlesnake returned to the site of capture.  In 
many studies, however, the site of capture is often associated with a den.  Therefore, it is 
uncommon that the animals do not return to the den because den sites are at a premium 
further north.  Instead, it has been observed that the rattlesnakes will “spook” and not 
appear at the outside of the den for days post emergence as they normally would.  
Instead, they either wait longer and then emerge and move a long distance beyond the 
den or perform this maneuver upon first emergence (Brown, personal communication; 
Mohr, personal observation; Fitch and Pisani 2006).  In this study, however, since timber 
rattlesnakes are seemingly not communal hibernators, multiple captures at a den could 
not be performed.  Therefore, this study relied on incidental captures and courting/mating 
situations involving new animals.  Even utilizing this capture method, however, the 
animals did not return to the capture site and the “spooking” phenomenon was observed. 
 
Home Range 
 The area of an animal’s normal life is often considered its home range.  These 
home ranges are notoriously difficult to determine, especially for a reptile such as the 
timber rattlesnake that does not move frequently and often stays in some areas much 
longer than others.  Still, home range area is important to the knowledge base of an 
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animal so one can understand where an animal may occur and what habitats it may 
prefer.  Currently, two major methods—minimum convex polygons (MCP) and 95% 
kernel isopleths—are utilized in home range estimates. 
Many studies throughout the United States have calculated MCP home ranges for 
timber rattlesnakes (Table 7).  As is clearly evident, except for Sealy (2002), this study 
calculated much smaller average areas of use for Upstate South Carolina.  In fact, the 
average MCP calculated for males and non-gravid females were less than half of the 
MCP’s calculated in other studies.  Interestingly, for gravid females, this study does have 
similar home range calculations as others (Reinert and Rupert 1999; Adams 2005).  (As 
is noted previously in regards to the movements of the timber rattlesnakes, Sealy’s (2002) 
sample size was small (n = 5) and his data may have had a surgery bias and thus, possible 
basking phenomenon and smaller movements would translate to smaller home ranges.)   
The same trends can be seen with 95% isopleths kernel analysis (Table 7).  With 
kernel analysis, however, it is difficult to compare studies because different studies utilize 
different equations to assist in the calculation of these areas.  Specifically, the smoothing 
factor (h) of the kernel is one of the most important aspects of the calculation yet it is 
rarely, if ever, contained in the calculation.  In fact, for all 95% kernel analysis calculated 
in Table 7, none divulged the smoothing parameters utilized.  According to Seaman and 
Powell (1996), low values of h give nearby locations the greatest influence on the shape 
of a kernel while large h values allow more influence from distant locations.  
Furthermore, Worton (1995) illustrated that small changes in h could have a large effect 
on the size of home range.  As a result, comparisons between different studies are 
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difficult and unreliable.  Yet, kernel estimates are very important in specific studies as 
they clearly illustrate where the concentration of locations occurs and therefore the areas 
that certain animals prefer to stay.  Other researchers have also echoed this use of kernels 
and have likewise indicated it may be better suited for analysis of use rather than home 
range (Harris et al. 1990; Kazmaier et al. 2002).   
I calculated kernel estimates based on suggestions by Row and Blouin-Demers 
(2006).  They suggest adjusting the smoothing factor (h) for the kernels until the area of 
the 95% kernel is close to that of the MCP (Appendix A).   As one would expect, because 
the calculations are modeled after the MCP’s, they are very similar to those values of the 
MCP and subsequently show the same trends.  Due to the above mentioned problems in 
comparing these kernel values to those of other studies, it can only be stated that this 
study had much lower area estimates than other studies on timber rattlesnakes.   
In both the MCP and 95% kernel analysis, male home ranges were significantly 
larger than non-gravid and gravid females, and this observation agrees with that seen in 
the literature.  Overall, this study had much smaller home ranges than reported elsewhere 
in the literature.  A possible reason for these results could be the abundance of the natural 
habitat in this study compared to others.  The only studies that look at timber rattlesnakes 
in a natural habitat are those conducted in Indiana (Walker 2000; Gibson 2003) and 
Pennsylvania (Reinert and Rupert 1999).  However, the latter also mentioned that there 
were some cutovers less than 10 years old which implies some human management and 
there was no mention if wildlife management (hunting, etc.) occurred on these areas.  
Reinert and Zappalorti (1988) conducted their study in the Pine Barrens of New Jersey 
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which is a pine based ecosystem that is different than the deciduous forest seen in other 
studies.  Therefore, comparisons should be made carefully.  Adams (2005) and Waldron 
et al. (2006b) studied populations on heavily managed pine plantations.  The area of this 
study has remained in state control since logging stopped in the 1930’s and virtually no 
management has been conducted—including the prohibition of the taking of wildlife by 
hunting or other means.  Consequently, small mammal populations—including the 
rodents that are a primary prey item of the timber rattlesnake—have only non-human 
predators and with habitat close to its natural state, it is likewise hypothesized that these 
populations may be at abundant, healthy levels.  Combine this likelihood with the fact 
that the land is not managed with use of a fire regime and resulting tree falls and logs are 
abundant.  Therefore, with prey levels high and preferred habitat common (see below), 
timber rattlesnakes may not need to travel great distances to find suitable prey or 
favorable micro-habitat.  It should also be noted that suitable habitat is not a seen as a 
constraining factor on the state park as there are over 1,200 hectares in park land with 
even more adjacent unmanaged land as part of the Greenville Water District.  The timber 
rattlesnakes tracked in this study are found in a small portion of available land (Figure 
18).   
This study also found that the MCP’s and kernel analysis produced larger home 
ranges for gravid females than non-gravid females.  As alluded to before, it is thought 
that these differences are due to the need for gravid females to move to a new area to give 
birth.  The need for the movement is not clearly understood. 
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Habitat Association 
Timber rattlesnakes—as even their name implies—are often characterized as a 
woodland species.  Throughout its range this species is indeed associated with hardwood 
forests and rocky outcrops (Wright and Wright 1957; Fitch 1958; Minton 1972; Reinert 
and Zappalorti 1988; Brown and Greenberg 1992; Reinert and Rupert 1999; Walker 
2000; Gibson 2003).  This study was no exception.  With the study area located in a state 
park that has remained virtually unmanaged since the 1930’s it has grown into an almost 
uniform deciduous forest.  As a result, it is not surprising that when looking at macro-
habitat the timber rattlesnakes were found significantly more using this homogeneous 
area.  An exception to this woodland rule, however, occurs when gravid females tend to 
be in areas with less canopy closure (Reinert and Zappalorti 1988; Brown and Greenberg 
1992).  It was generally observed that gravid females in this study followed these same 
patterns.  Three of the gravid females gave birth in rock outcrop areas that received > 
85% sunlight.  The remaining other gravid snakes were either observed giving birth (n = 
1) or believed to have given birth (n=3) in tree fall areas.  These areas ranged from 100% 
open canopy (n = 2) to > 60% (n = 2).  
 Micro-habitat variables in this study were varied.  Leaf litter was common 
throughout the study area due to the prevention of fires as a state park policy.  In addition 
to heavy leaf litter, logs and fallen branches were common as well.  Reinert and 
Zappalorti (1988) reported some fallen trees as being an ideal habitat and Brown and 
Greenberg (1992) also noted this trend and reported that rattlesnakes utilized areas of 
heavy fallen leaf cover, little surface vegetation, and places with few rocks and logs.  
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Walker (2000) also observed that rattlesnakes in all sex categories utilized log cover 
significantly more than other micro-habitat variables.  This study agreed with these 
observations with rattlesnakes utilizing areas within 1 m of a log significantly more than 
other areas.  One obvious reason for this would be the acquisition of prey that transverse 
the logs as travel routes.  Therefore, a foraging posture that is in close proximity to these 
areas would be highly beneficial and strongly aligns with observations by Reinert and 
Zappalorti (1988).  Another reason could include possible protection from predators but 
this has not been mentioned in the literature other than Walker (2000) who discussed a 
preference for juvenile rattlesnakes in/near logs. 
 
Thermal Ecology 
Thermoregulation—the ability to maintain a body temperature to some degree 
independently of environmental temperature—is a key component to reptilian activity 
and ecology (Cowles and Bogert 1944; Bogert 1949; Huey 1982; Peterson et al. 1993).  
Therefore, the effectiveness of thermoregulation as well as thermal constraints can be 
inferred through comparisons of environmental temperature distributions (Te) to body 
temperature (Tb) distributions (Hertz et al. 1993; Beaupre 1995; Christian and Weavers 
1996).  According to Wills and Beaupre (2000), if there is no observable difference 
between available environmental temperature distributions and observed body 
temperature distributions, the hypothesis of thermoregulation can then be rejected.  They 
emphasized that a difference between Te and Tb distributions is a necessary, but not 
sufficient, condition for the demonstration of active thermoregulation.  Even with 
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thermoregulation, body temperature is often strongly correlated with environmental 
temperature.  In this study, it was observed that average ambient temperature was indeed 
strongly correlated with body temperature.  This was in contrast to Brown et al. (1982) 
and Mohr (2003), who recognized elevated and reduced body temperatures, respectively, 
when compared to ambient temperature.  Mohr (2003) indicated timber rattlesnakes 
thermoregulated below ambient temperatures and that was attributed to the higher 
temperatures seen in Oklahoma.  However, the temperatures recorded in this study 
indicated a strong similarity to the ambient temperature recorded in Brown et al. 
(1982)—not the body temperature.  It is unclear why Brown et al. (1982) noticed such 
high body temperatures but it partially could be due to the technology at the time.  
Transmitters that they utilized only had a 10-month life and therefore all observations 
were within 10 months of surgery and could be elevated due to basking behavior related 
to healing (Rudolph et al. 1998). 
During 2007, timber rattlesnakes in this study had significantly higher 
temperatures than the other years of the study.  In 2007, there were three male and two 
non-gravid female timber rattlesnakes of which three were surgically implanted with 
transmitters in 2007 and the other two had been implanted in September of 2006.  As a 
result, elevated body temperatures were likely as the rattlesnakes tend to bask more to 
facilitate healing (Rupert et al. 1998).  Furthermore, with 2007 being the surgery year for 
many of the rattlesnakes, a full season of data were not acquired; therefore there may be 
some bias towards a higher body temperature as early spring body temperatures were not 
available.  Consequently, in the following years (2008 and 2009) there were no new male 
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or non-gravid females added to the study and the body temperatures were subsequently 
not significantly different from each other. 
  
Conclusion 
When compared to other populations of timber rattlesnakes, the Upstate South 
Carolina population illustrates similarities in morphology and posture.  Similar to other 
studies, males are larger than females and the preferred body posture is coiled.  When 
comparing movements and home ranges of timber rattlesnakes, the overall trend of males 
moving longer distances and occupying larger home ranges than non-gravid females and 
gravid females was consistent.  In this study, however, these measurements were much 
smaller than has been reported in the literature.  One possible reason is the difference in 
habitat between this study and others, with the State Park system allowing for a more 
natural ecosystem with no wildlife or land management which may strongly benefit the 
timber rattlesnakes with possible high prey abundance and large preferred microhabitat 
availability.  Even with abundant choice, the timber rattlesnakes chose areas within 1m 
from logs or other fallen debris.  This observation was also prevalent in the literature in 
reference to micro-habitat preferences.  The thermal ecology of the Upstate South 
Carolina timber rattlesnake was consistent with that reported in other studies where the 
body temperature was similar to the ambient or air temperature.  A significantly elevated 
body temperature was observed for the first year of the study but that increase was 
largely attributed to the basking behavior of post surgery rattlesnakes as well as 
insufficient data for early spring body temperatures due to capture of some of the 
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rattlesnakes in spring/summer.   Perhaps the most significant observation in this study 
relates to overwintering habits.  Although occurring in the mountains of Upstate South 
Carolina, the timber rattlesnakes utilized individual hibernacula and did not use 
communal dens.  Furthermore, they did not have site fidelity and could successfully 
overwinter in different hibernacula from year to year. 
Characteristics of timber rattlesnakes observed in this study were mostly similar 
to those of other populations.  However, there were large differences in movement and 
home range size as well as hibernacula preferences.  Further studies of this population as 
well as other mountain and coastal populations would provide a better understanding of 
timber rattlesnakes in the southern part of their range. Combining these results with 
studies in the North Carolina Foothills and Piedmont could improve our understanding of 
hibernacula preferences and the switch to communal hibernacula.  This will give us better 
insight into the ecology of this species as well as rattlesnake taxa as a whole.  
Considering this species is on the decline throughout it range, more information is key to 
creating a viable conservation plan.   Results of this study provide only a small puzzle 
piece in the total porous picture of timber rattlesnakes in the United States.   
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Chapter 6 
TRANSLOCATION 
 
Introduction 
 As the human population of our planet increases, ecosystems are impacted at an 
ever-increasing rate.  Management and conservation of wildlife populations are ever 
more important.  Adequate implementation of conservation measures can take place only 
after careful studies of natural populations and the accumulation of knowledge of their 
natural history (Griffith et al. 1989).  Yet, reptiles—including snakes—have been a group 
that has been largely ignored in any such research efforts, much less conservation efforts 
(Gibbons 1988).  Efforts to conserve timber rattlesnakes have been mostly unsuccessful.  
Due in part to their highly specialized biology and behavior, common management 
techniques such as displacement and translocation of individual snakes to new locales 
appear ineffective.  Animals so treated appear lost and exhibit odd movements and 
usually perish (Sealy 1997; Reinert and Rupert 1999).  Short distance translocation can 
result in failure as the animals may return to their home range after the translocation 
(Sealy 1997; Hardy et al 2001; Brown et al. 2009; Johnson et al. unpublished 
manuscript).  In previous field studies of this and other rattlesnake taxa, it has likewise 
been observed that there has been low survival when animals are released near dens but 
in novel habitat (Hare and McNally 1997; Nowak 1998; Reinert and Rupert 1999; Duvall 
et al. 1985; Plummer and Mills 2000).  Even as efforts have increased toward learning 
about natural populations of snakes, it has been documented that conservation procedures 
such as relocation and translocation are not highly successful (Fitch and Shirer 1971; 
49 
 
Dodd and Seigel 1991; Nowak 1998; Reinert and Rupert 1999; Plummer and Mills 
2000). As defined by the International Union for Conservation of Nature and Natural 
Resources, translocation is the intentional release of animals into the wild in an attempt to 
establish, reestablish, or augment a population (Griffith et al. 1989).  Success rates for 
such procedures for reptiles and amphibians are low (< 25%), and are not often advocated 
as acceptable management techniques (Dodd and Seigel 1991; Reinert and Rupert 1999).  
Few successful translocations have been reported.  Plummer and Mills (2000) reported 
that for the hognose snakes (Heterodon platirhinos) translocated individuals exhibited a 
variance in distance of daily movements six times greater than that of resident snakes.  
Reinert and Rupert (1999) similarly reported mean activity parameters three to five times 
greater for translocated timber rattlesnakes than for resident snakes.  In addition to greater 
mortality rates than resident snakes, translocated snakes exhibited atypical movement 
patterns consisting of extensive travel, often with a unidirectional bearing (Nowak 1998; 
Reinert and Rupert 1999; Plummer and Mills 2000).   
 Unfortunately, being a venomous snake in a public state park has its costs.  Once 
such cost is that the occupation of public use areas is considered hazardous and therefore 
all timber rattlesnakes found in the public use areas such as campgrounds, cabin areas, 
etc. must be relocated to a different area.  As a result, in this study the relocation of these 
nuisance animals created an opportunity to compare them with non-relocated snakes in 
the same habitat.  Furthermore, a nearby summer camp did not welcome rattlesnakes, so 
those, too, were relocated on park property.  It was the goal of this study to see if 
translocation for the sake of keeping the snake alive merely resulted in a delayed 
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mortality as other studies have suggested or whether the rattlesnakes could survive a 
relocation to a similar habitat. 
 
Materials and Methods 
All relocated animals were brought back to the field laboratory where I recorded 
sex and reproductive condition, body mass (g), snout-vent length (SVL in cm), head 
width and length (mm), tail length (cm), and rattle number and dimensions (mm).  All 
individuals were marked by intraperitoneal injection of an AVID brand (Norco, CA) 
passive integrated transponder (PIT) tag and then were fitted with temperature-sensitive 
radio transmitter (SI-2T and AI-2T transmitter for snakes, Holohil Systems, Ltd., Ontario, 
Canada).  Subjects were anesthetized with Halothane (Ayerst Labs, Inc., New York, NY 
10017) and the transmitters were placed in the posterior third of the animal in the 
peritoneal cavity.  The antenna was placed subcutaneously towards the head of the animal 
and all incisions were sutured and covered with liquid bandage (New Skin Co., Cody, 
WY 82414).  The implantation technique used to implant the rattlesnakes closely 
followed that described by Reinert and Cundall (1982) and Reinert (1992).  Transmitter 
weights never exceeded 5% of adult body mass.  All surgical procedures were performed 
at the field laboratory of Table Rock State Park and followed the approved protocols 
from the Clemson University Animal Care and Use Committee (06-ARC-067 and AUP 
2008-051).   
Post surgery release of animals occurred when the snake showed signs of 
alertness including rattling and tongue flicking.  Snakes were then transported to a site on 
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park property away from public use areas and on the other side of a road and lake (Figure 
24).  The release area was between 949 m and 2670 m away from the original capture 
sites.  Rattlesnake locations were fixed using a Telonics TR-2 and TR-4 receivers and 
hand-held “H” antennas (Mesa, AZ) and visual verification of the rattlesnake was 
attempted every time.  During the active season, each rattlesnake was located a minimum 
of twice weekly on nonconsecutive days to prevent possible avoidance behavior.  
Rattlesnake locations were recorded in universal transverse mercator UTM coordinates 
using a handheld Global Positioning System (GPS) instrument (Garmin Inc., Olathe, KS) 
with accuracies less than 4m.   
When the rattlesnake was encountered in the field, the following data were taken: 
air temperature (Ta °C), position of animal (coiled, other), micro-habit, and UTM 
location.  Body temperature was also taken in the field in the form of signals received 
from the temperature-sensitive transmitters.  These signals were then calibrated to 
degrees Celsius (Tb °C).  If the snake was not visually verified, environmental variables 
were recorded when possible.   
Home range and movements were calculated for translocated animals and started 
with their release.  Using ArcGIS (version 9.3, Environmental Systems Research 
Institute, Redlands, CA) rattlesnake UTM locations were plotted on a digital aerial 
photographs of the study site (NAD83 State Plane SC coordinates flown Jan/Feb, 2008) 
(Figure 6).  Home range estimates were generated using Hawth’s Analysis Tools for Arc 
GIS (version 3.27, Beyer, 2007. http://www.spatialecology.com/htools).  Home range has 
been defined as the area an individual utilizes during normal activities such as food 
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gathering, mating and caring for its offspring (Burt 1943; Barbour et al. 1969).  Minimum 
convex polygon home ranges are simply the smallest convex polygons that encompass all 
known location for an animal (Mohr 1947; Hayne 1949; Jennrich and Turner 1969).  
Although MCP’s are associated with many positional problems (White and Garrott 1990; 
Powell 2000; Fitch 2004), due to the ease of measurement and the facilitation of 
comparisons to previous studies (Gregory et al. 1987; Reinert 1992; Durner and Gates 
1993), these were included in this study.  Additionally, 95% fixed kernel analysis was 
employed to calculate a nonparametric estimation of home range size (Worton 1987, 
1989; Seaman and Powell 1996).  Kernels provide a more biologically relevant home 
range by placing a probability distribution around locations which therefore puts more 
emphasis on areas with higher use.  However, kernels can change greatly depending on 
what smoothing factor (h) is used (Seaman and Powell 1996).  Row and Blouin-Demers 
(2006) suggest a smoothing factor for the kernels be determined by adjusting the factor 
until the area of the 95% kernel is close to that of the MCP so subsequently, this model 
was employed. 
 To determine movement patterns, we calculated total distance moved by summing 
the straight line distance between consecutive locations from initial relocation release (or 
emergence from hibernacula) until the rattlesnake returned to a winter refuge at the end 
of the season.  This method may underestimate true total distance moved by not 
accounting for deviation from straight line movement paths (Secor 1994); however, it 
does provide a standardized measure for comparing movements between individuals and 
multi-year observations.   
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All statistical analyses were performed using JMP (Version 8.0, SAS Institute, 
Inc., Cary, NC).  Analysis of variance (ANOVA) was used to compare the quantitative 
continuous variables such as home range size (MCP and 95% kernel), movements (total 
distance, average distance), and temperature (body temperature, air temperature) to the 
different categories of the study (sex, relocation, and year).  For tests involving discrete 
data (posture, visual location), logistic regression was utilized to assess the effect of the 
different categories (sex, relocation, and year).  Due to the fact that male, female and 
gravid female rattlesnakes can differ in home range size (Brown 1982; Reinert and 
Zappalorti 1988, Timmerman 1995, Marshall et al. 2006; Durbian et al. 2008), the 
analysis was blocked by sex (male, non-gravid female and gravid female).  Due to a 
predatory event, transmitter failure, and movement into inaccessible habitat by three of 
the four relocation animals, only one, a male, was utilized in statistical comparisons and 
was only compared to other male snakes that were not relocated.   
   
Results 
Four timber rattlesnakes were captured and relocated.  Two were collected on 
park property with a male captured in the campground and a non-gravid female captured 
next to a cabin.  Two others were captured at the nearby summer camp.  One was a large 
male and the other was a gravid female.  Morphological measurements of the four 
animals fitted with transmitters were similar to the previous eighteen snakes of the 
natural history study (Table 8).  The gravid female gave birth the last week of August in 
2008 and was predated 3 months later.  The other female in the study hibernated 
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successfully in the same hibernaculum as one of the males but the battery died during the 
winter and was consequently lost.  The two males are still alive as of the writing of this 
manuscript; however, one has moved into difficult terrain and has only been located 21 
times since its release.  Therefore, besides anecdotal comments of the other rattlesnakes, 
all analyses were of the lone male that was released in 2007 and he was likewise only 
compared to males of the core study.   
For animal 5958, there were 64 non-den or non-handling radio telemetry 
encounters and he was observed coiled in 86% of these encounters.  The observance of 
the coiled posture of the translocated animal was not significantly different than the other 
males in the study (ANOVA F = .1152, df = 1, p = .7375).  Average body temperature of 
the translocation rattlesnake was slightly higher (25.41 ºC) than the core rattlesnakes 
(23.55 ºC).   
When averaged over the three years the translocated male was active; he moved 
1897.33 m and had an average distance per movement of 118 m.  He had an average 
MCP of 5.42 ha and an average 95% isopleth kernel of 5.78 ha.  Due to the small sample 
size, however, none of these movements or home ranges were significantly different than 
the core rattlesnakes.  His movements and home range analysis showed the same 
tendency for repeat use of the same areas in successive years (Figures 25, 26, 27).  (Also 
worthy of note is that when the MCP was calculated for the other translocated male 
utilizing all 22 known points, it showed the largest home range of any rattlesnake in the 
study at 69 ha.)  Macro-habitat analysis indicated this main translocated male utilized the 
deciduous forest and micro-habitat indicated a preference for being within 1 m from 
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log/fallen debris.  This was not significantly different than the core male timber 
rattlesnakes (ANOVA F = 1.5445, df = 1, 60, p = 0.2189).  Hibernacula sites consisted of 
stumps and rock crevices and from an observational standpoint they appear consistent 
with those observed being used by core timber rattlesnakes.  Of note, in 2008 female 
5070 found the same stump area that male 5958 utilized in 2007 and again in 2008.  The 
female was in the area of the stump 15 days before the male came to that location.    
There were no instances of courting or mating and only one case of parturition in 
the last week of August in 2008.  The birthing site was in a stump in an open canopy area 
that was 13 m away from the site of release.  This type of habitat was utilized by other 
gravid females in the core study.  Post parturition the female appeared thin and was 
preyed upon in the fall.  The predator was determined to be a raccoon (Procyon lotor), 
inferred from some fecal material left at the site.  At 16:30 on July 11th, 2008—13 days 
post surgery—the largest male in the translocation study (795 g) was found eating an 
eastern gray squirrel (Sciurus carolinensis).  Even though this particular male was 
tracked only 22 times due to difficult terrain, it also exhibited large lumps in its body on 
September 25th, 2008 and May 22nd, 2009.  Both of these were too large to be a common 
small rodent and were most likely an eastern gray squirrel (Sciurus carolinensis). 
   
Discussion 
In contrast to other studies, translocation appears to have some success in Upstate, 
South Carolina.  Although premature and based on a small sample size, the overall results 
are encouraging.  The only translocation mortality was that of a gravid female and it has 
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been noted elsewhere that post parturition females sometimes die post birth (Adams 
2005).  The other female was lost due to battery failure but it was encouraging that she 
utilized the same hibernaculum as a male from the study as he has successfully 
overwintered twice in that area.  However, it is puzzling why she would utilize the same 
hibernaculum as another rattlesnake since it was not found to happen in the core study.  
Since she was the smallest snake in the translocation study, as well as the core study, 
perhaps she was exhibiting neonate characteristics of scent trailing (Brown and MacLean 
1983).  Unfortunately, no neonates were observed over wintering so it is unknown 
whether they utilize communal dens or hibernate singly.   
Data gained from the other two translocated rattlesnakes tell a slightly confusing 
story.  On the one hand, male 5958 appeared to behave like a non-translocated timber 
rattlesnake in similarity of movements and home ranges; however, his movements and 
home ranges were smaller.  In contrast, even with a few data locations compared to the 
other snakes, male 5291 had the largest MCP of the study.  Both translocated male timber 
rattlesnakes appeared healthy and seemed to be adapting to their new areas well.  Male 
5958 utilized the same areas year after year and his movements did not indicate a 
movement back towards the campground.  His movements and home range size were 
smaller compared to the other males.  Reasons for this are not clear.  Male 5291 exhibited 
the long, random movements typical of those seen in other translocation studies (Reinert 
and Rupert 1999) yet this particular snake did not move back towards its site of capture 
and overwintered in the same winter area (< 5 m apart hibernacula) two years in a row.  
Furthermore, even with infrequent monitoring on this rattlesnake he appeared to have 
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perfected catching large prey on at least 3 occasions and therefore his survival due to 
food resources is not an apparent complicating factor. 
With such a small sample size, one cannot conclude that translocation was 
successful.  However, these results are encouraging.  One of the large factors that may 
aide in the success of translocation in the Upstate of South Carolina is the fact that the 
timber rattlesnakes do not require communal dens or have a need to be faithful to a 
particular hibernaculum.  Unlike their counterparts further north, the timber rattlesnakes 
in South Carolina do not appear limited by this den fidelity and if released in areas with 
many available den sites, it appears they can survive the winter.  Additionally, none of 
the translocated animals made movements back to the place of capture which indicates 
movement to a new area may not be the equivalent of a death sentence.   
 
Conclusion 
 As natural areas continue to shrink, need for management of species is necessary.  
Timber rattlesnakes have been extirpated from much of their former range and South 
Carolina is no exception.  Future management plans may need to rely on information 
garnered in studies such as this one to determine if translocation of healthy individuals 
can be made to areas they formerly inhabited.  Although initial conclusions in this study 
are encouraging, larger sample sizes and animals moved from farther away would greatly 
increase our understanding of the effects of translocation.  With further studies using this 
technique we might be able to suggest using translocation as a management tool in the 
southern portion of the timber rattlesnakes range.  
58 
 
APPENDICES 
  
59 
 
Appendix A 
Minimum Convex Polygon (MCP), Kernel 95% Isopleths, and associated 
smoothing factor for all timber rattlesnakes (Crotalus horridus) in the study. 
 
 
 
  
Snake ID Year Sex MCP (ha)
Kernel       
95% 
Isopleth  
(ha)
Smoothing 
Factor      
(h)
4084 2007 m 18.98 18.67 60
4084 2008 m 9.65 9.56 35
4084 2009 m 5.68 6.05 25
4107 2007 g 2.09 2.07 15
4107 2008 f 5.82 5.45 30
4107 2009 g 5.62 6.13 25
4141 2007 g 5.62 5.92 35
4141 2008 f 3.91 4.11 20
4141 2009 f 5.14 5.21 30
4232 2007 f 3.73 3.94 25
4232 2008 g 8.81 8.48 35
4232 2009 f 9.99 9.80 35
5237 2008 g 14.43 13.90 50
5237 2009 f 3.72 4.07 25
5364 2007 f 6.66 6.04 30
5364 2008 g 12.75 12.02 40
5364 2009 f 5.58 5.22 30
5446 2006 m 4.87 4.35 30
5446 2007 m 59.70 61.10 105
5997 2006 m 3.57 3.90 40
5997 2007 m 37.07 38.31 65
5997 2008 m 20.94 21.75 45
5997 2009 m 9.49 8.95 35
Table 1.  Morphological measurements (Mean +/- SE) of all radio-tagged timber rattlesnakes (Crotalus horridus)  
   in Upstate South Carolina from 2006-2009. 
 
Sex Weight (g) 
Snout-Vent Length 
(SVL) (cm) 
Head Width 
(cm) 
Head Length 
(cm) 
Tail Length  
(cm) 
Male      (n= 8) 
828.00 ± 
123.76 86.63 ± 3.31 4.13 ± 0.16 4.59 ± 0.18 7.84 ± 0.36* 
Female  (n = 7) 
647.86 ± 
123.76 82.00 ± 3.54 3.70 ± 0.17 4.37 ± 0.20 5.21 ± 0.39 
Gravid§  (n = 3) 
810.00 ± 
189.04 88.00 ± 5.41 3.77 ± 0.26 4.13 ± 0.30 7.84 ± 0.59 
        §gravid at time of surgery; *denotes significance (f = 12.84, df = 17, p < 0.0006) 
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Table 2.  Posture of timber rattlesnakes Crotalus horridus) in Upstate South Carolina  
   with coiled posture observed significantly more than other postures (ANOVA F  
   = 55.04, df = 45, p < 0.0001). 
 
 
Coiled Other * 
Male                        
(n = 8) 81.50% 18.50% 
Female (non-gravid) 
(n = 8) 82.32% 17.68% 
Female (gravid)      
(n = 6) 78.57% 21.43% 
2007 (n = 5) 75.91% 24.09% 
2008  (n = 4) 85.51% 14.49% 
2009  (n = 6) 85.94% 14.06% 
Overall 80.91% 19.09% 
*other category includes moving,    
  extended, hunting posture, mating, etc. 
 
Table 3.  Hibernaculum locations for timber rattlesnakes (Crotalus horridus) in Upstate South Carolina  
   from 2006-2009. 
 
Snake  Sex 2006 2007 2008 2009 
5997 M Creek Bank Same as 2006 Same as 2006 
Stump                                    
(293m from 2006-2008) 
5446 M 
Rock 
Crevice 
Rock Crevice                        
(138m from 
2006) battery died 2008   
4084 M   Rock Crevice 
Rock Crevice                
(25m from 2007) Same as 2008 
4107 F   Rock Crevice Same as 2007 Same as 2007 
4141 F   Rock Crevice Same as 2007 Same as 2007 
4232 F   Rock Crevice 
Rock Crevice                
(15m from 2007) Same as 2007 
5237 F   In classroom 
Rock Crevice                
(155m from capture 
crevice) 
Rock Crevice                             
(125 m from 2008) 
5364 F   Stump Same as 2007 
Rock Crevice                           
(85m from 2007-2008) 
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Table 4.  Mean movements for all timber rattlesnakes (Crotalus horridus) in Upstate  
   South Carolina by year and sex (Mean +/- SE). 
 
 
Total Distance 
(m) 
Average Distance 
per movement (m) 
Male                           
(n = 8) 3047 ± 488.11 141.11 ± 10.67* 
Female (non-gravid) 
(n = 8) 1687.63 ± 517.71 73.00 ± 11.31 
Female (gravid)      
(n = 6) 2248.33 ± 597.80 86.17 ± 13.06 
2007 (n = 5) 3615.6 ± 738.07 120.4 ± 16.87 
2008  (n = 4) 2655.75 ± 825.19 91 ± 18.86 
2009  (n = 6) 1691.5 ± 673.77 83.5 ± 15.40 
* deonotes significance (ANOVA F = 10.73, df = 2, p < 0.0007) 
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Table 5.  Mean home range analysis for all timber rattlesnakes (Crotalus horridus) in  
   Upstate South Carolina by year and sex (Mean +/- SE).  
 
 
MCP     
(ha) 
95 % 
Kernel (ha) 
Male                           
(n = 8) 18.88 ± 4.03 19.18 ± 4.13 
Female (non-gravid) 
(n = 8) 5.57 ± 4.27 5.48 ± 4.38 
Female (gravid)      
(n = 6) 8.22 ± 4.93 8.09 ± 5.06 
2007 (n = 5) 25.23 ± 6.3 25.61 ± 6.51 
2008  (n = 4) 10.08 ± 7.04 10.22 ± 7.28 
2009  (n = 6) 6.60 ± 5.75 6.55 ± 5.94 
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Table 6.  Mean body temperature for all timber rattlesnakes (Crotalus horridus) in  
   Upstate South Carolina by year and sex (Mean +/- SE). 
 
 
Body Temperature 
(°C)     
Male                           
(n = 8) 23.58 ± 0.59 
Female (non-gravid) 
(n = 8) 22.87 ± 0.63 
Female (gravid)      
(n = 6) 24.18 ± 0.72 
2007 (n = 5) 24.6 ± 0.59* 
2008  (n = 4) 22.11 ± 0.66 
2009  (n = 6) 22.73 ± 0.54 
*denotes significance                                          
  (ANOVA F = 4.47, df = 2, p < 0.03) 
  
Table 7.  Minimum Convex Polygon and Kernel 95% isopleth calculations for timber rattlesnake  
   (Crotalus horridus) studies. 
 
MCP (ha) Kernel 95% Isopleth (ha) 
 
Males 
Females 
(non-gravid) 
Females 
(gravid) Males 
Females 
(non-gravid) 
Females 
(gravid) 
New Jersey                                
(Reinert and Zappalorti 1988) 112.5 23.1 17.1 207 41.6 22.2 
Pennsylvania                     
(Reinert and Rupert 1999) 59.9 41.9 5 104 49 9.7 
Indiana                                 
(Gibson 2003) 171.2 30.4 22.1 190.6 52.1 17.2 
Indiana                                 
(Walker 2000) 174.1 71.8         
West Virginia                                 
(Adams 2005) 94.3 31.2 8.5       
North Carolina                
(Sealy 2002) 3.3 1.3         
South Carolina (coastal)  
(Waldron et al. 2006)       54.5 30.8 8 
THIS STUDY 18.9 5.6 8.2 19.2 5.5 8.1 
  
 
66 
Table 8.  Morphological measurements of core study and relocation radio-tagged timber  
   rattlesnakes (Crotalus horridus) in Upstate South Carolina from 2006-2009. 
 
Sex Weight (g) 
Snout-Vent 
Length (SVL) (cm) 
Head Width 
(cm) 
Head Length 
(cm) 
Tail Length  
(cm) 
Male   
(n= 8) 828.00 86.63 4.13 4.59 7.84 
Male Relocation 
(n= 2)   672.50 84.75 4.25 4.50 9.50 
Female  
(n = 7) 647.86 82.00  3.70 4.37 5.21  
Female Relocation 
(n = 1) 295.00 67.00 3.50 4.00 4.00 
Gravid§   
(n = 3) 810.00  88.00  3.77  4.13 7.84  
Gravid§ Relocation 
(n = 1)   845.00 88.90 3.80 4.00 5.00 
         §gravid at time of surgery         
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Figure 1.  The distribution of the timber rattlesnake, Crotalus horridus, in the United States, based on Conant and Collins 
(1998). 
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Figure 2.  The distribution of the timber rattlesnake, Crotalus horridus, in the United States, based on Martin (1992a). 
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Figure 3.  Table Rock State Park, Pickens County, South Carolina. 
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Figure 4.  Table Rock State Park, Pickens County, South Carolina with main study area 
indicated (http://www.southcarolinaparks.com/common/maps/parksmap/ 
MapTableRock.pdf 2010). 
  
Figure 5.  NCRS/USDA Land Use/Land Cover at Table Rock State Park (2001 http://datagateway.nrcs.usda.gov/).   
(Area indicated by arrows reflects inaccuracies in Land Cover data as these areas are uniform deciduous forest.  See Figure 6.) 
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 Figure 6.  Aerial photographs of Table Rock State Park, SC flown in Jan/Feb 2008 and projected in NAD83 State Plane SC 
coordinate system. 
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Figure 7.  Successive yearly movements of a male timber rattlesnake, Crotalus horridus, 
5997.    
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Figure 8.  Successive yearly movements of female timber rattlesnake, Crotalus horridus, 
4232 that was gravid in 2008.    
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Figure 9.  Successive yearly movements of female timber rattlesnake, Crotalus horridus, 
4141 that was gravid in 2007. 
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Figure 10.  Home range analysis of all timber rattlesnakes, Crotalus horridus, utilizing 
minimum convex polygons. 
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Figure 11.  Home range analysis of all timber rattlesnakes, Crotalus horridus, utilizing 
95% kernel isopleths. 
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Figure 12.  Successive yearly home ranges of male timber rattlesnake, Crotalus horridus, 
5997 calculated using minimum convex polygon analysis.    
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Figure 13.  Successive yearly home ranges of female timber rattlesnake, Crotalus 
horridus, 4232 calculated using minimum convex polygon analysis.  Rattlesnake was 
gravid in 2008.    
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Figure 14.  Successive yearly home ranges of male timber rattlesnake, Crotalus horridus, 
5997 calculated using 95% kernel isopleth analysis.    
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Figure 15.  Successive yearly home ranges of female timber rattlesnake, Crotalus 
horridus, 4232 calculated using 95% kernel isopleths analysis.  Rattlesnake was gravid in 
2008.  
83 
 
 
 
Figure 16.  Successive yearly home ranges of female timber rattlesnake, Crotalus 
horridus, 4141calculated using minimum convex polygon analysis.  Rattlesnake was 
gravid in 2007.    
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Figure 17.  Successive yearly home ranges of female timber rattlesnake, Crotalus 
horridus, 4141 calculated using 95% kernel isopleth analysis.  Rattlesnake was gravid in 
2007.  
 Figure 18.  NCRS/USDA Land Use/Land Cover at Table Rock State Park (2001 http://datagateway.nrcs.usda.gov/)  
with all timber rattlesnake, Crotalus horridus, locations from study during 2006-2009.   
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Figure 19.  Micro-habitat preference of female timber rattlesnake, Crotalus horridus, 
5237 (top) and typical rattlesnake from the study (bottom).  Bars that touch the edge 
denote significance (log habitat in both) but the other bars indicate great preference for a 
varied habitat for female 5237 when compared to a typical rattlesnake from the study.    
.   
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Figure 20.  Successive yearly movements of female timber rattlesnake, Crotalus 
horridus, 5237 that was gravid in 2008. 
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Figure 21.  Successive yearly movements of female timber rattlesnake, Crotalus 
horridus, 4107 that was gravid in 2007 and 2009.    
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Figure 22.  Successive yearly movements of female timber rattlesnake, Crotalus 
horridus, 5364 that was gravid in 2008.    
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Figure 23.  Comparison of yearly movements of two female timber rattlesnakes, Crotalus 
horridus, 4107 and 4232 that indicate areas utilized while gravid.    
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Figure 24.  Translocated and core locations of timber rattlesnakes, Crotalus horridus, 
from 2006-2009.    
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Figure 25.  Successive yearly movements of a male translocation timber rattlesnake, 
Crotalus horridus, 5958.    
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Figure 26.  Successive yearly home ranges of male translocation timber rattlesnake, 
Crotalus horridus, 5958 calculated using minimum convex polygon analysis.    
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Figure 27.  Successive yearly home ranges of male translocated timber rattlesnake, 
Crotalus horridus, 5958 calculated using 95% kernel isopleth analysis.    
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